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(54) SOVA Turbo decoder with decreased normalisation complexity 



(57) To obtain best performance from a turbo decod- 
er using a SOVA algorithm a normalisation unit (27) is 
used. By using normalisation the complexity of the de- 



coder is increased. To decrease the complexity it is pro- 
posed not to normalise all of the decoding units (27, 33) 
output. In this way computational complexity is reduced 
for only a small degradation in performance. 
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Description 

[0001 ] The present invention relates to a turbo decod- 
er using a soft output Viterbi algorithm, a mobile com- 
munications device comprising such a turbo decoder as 
well as to a turbo decoding method using a soft output 
Viterbi algorithm (SOVA). 

[0002] Turbo coding was first proposed by Berrou et 
al, "Near Shannon Limit Error-Correcting Coding and 
Decoding: Turbo-Codes", Proc. IEEE Conference on 
Communications (ICC 93), pages 1064 to 1070, 1993. 
There has been much interest in turbo coding due to the 
remarkable BER performance achievable. Turbo de- 
coding combines the concepts of iterative decoding, soft 
in/soft out decoding, recursive systematic convolution^ 
(RSC) encoding and random interleaving. 
[0003] Turbo-coding (and the corresponding decod- 
ing) can either be performed as a parallel or serial con- 
catenated scheme. The present invention relates to 
both schemes. For the parallel case the encoder con- 
sists of two or more encoding units which send coded 
interleaved and non-interleaved versions of the incom- 
ing data stream. Figure 8 shows an example of encod- 
ers suitable for a parallel system using two encoding 
units. 

[0004] For the case of the serial concatenated 
scheme two or more encoding units are used in series. 
The first encoding unit encodes the incoming data 
stream. (For the case of a coding scheme with two en- 
coding units this encoder is referred to as the outer en- 
coder). The output of this first encoding unit is then 
passed to an interleave^ the output of which then feeds 
the second encoding unit. The structure is then repeated 
for the number of encoding units in the system. Figure 
9 shows an example of a serial system using two en- 
coding units (coder 1 , coder 2). 
[0005] A typical turbo decoder consists of two or more 
soft in/soft out decoders, which decode the encoded 
stream in an iterative loop. Two types of soft in/soft out 
, decoders are commonly used, i.e. the maximum a pos- 
teriori (MAP) and the. soft output viterbi algorithm (SO- 
VA). The MAP yields higher performance than the SOVA 
(for a given number of iterations) but with the drawback 
of higher complexity. In the frame work of the present 
invention only the SOVA turbo decoder is considered. 
[0006] From US -A -5, 537,444 an extended list output 
and soft symbol output Viterbi algorithm is proposed. 
[0007] As it is known from Papke, Robertson, "Im- 
proved Decoding with the SOVA in a Parallel Concate- 
nated (Turbo-code) Scheme", Proc. IEEE Conference 
on Communications (ICC 96), pages 102 to 106, 1996, 
the extrinsic information produced by SOVA decoder is 
too optimistic. To improve performance it was suggested 
to multiply the extrinsic information at the output of each 
SOVA decoder by a normalisation factor. Figure 3 
shows a schematic representation of a parallel turbo de- 
coder with normalisation units 27, 33 after each decod- 
ing unit 25 and 30 respectively. 



[0008] In fig. 5 a schematic representation of a serial 
turbo decoder is shown. 
[0009] The normalisation factor for the decoding unit 
i is given by 

5 

°i 

10 [001 0] Where mi is the mean and a] is the variance of 
the extrinsic information from the decoding unit i. As it 
comes clear from figure 3, the normalisation unit 27, 33 
provided for every decoding unit 25 and 30, respectively, 
adds extra complexity (which increases with frame size) 

is to the turbo decoder. 

[001 1] One method to reduce the complexity of nor- 
malisation techniques for a SOVA turbo decoder was 
proposed by Blazek et al, "A DSP-based Implementa- 
tion of the Turbo Decoder", Proc. IEEE Global Telecom- 

20 munications Conference (GLOBECOM 98), Sydney, 
Australia, pages 3201 to 3205, 1998. According to this 
technique a constant value forcj is used which increases 
with each iteration: 

25 

Cf = bf + na,- (2) 

[0012] Where bj is the base value, a t is the iteration 
increment and n is the iteration number. Although this 
30 method has very low complexity (there are no complex 
calculations required) suitable numbers have to be 
found which are good for all scenarios. 
[0013] It is the object of the present invention to fur- 
ther decrease the normalisation complexity for SOVA 
35 turbo decoders. 

[0014] According to the present invention this object 
is achieved by means of the features of the independent 
claims. The dependent claims develop further the cen- 
tral idea of the present invention. 
40 [0015] According to the present invention therefore a 
turbo decoder with at least two effective decoding units 
using a soft output Viterbi algorithm (SOVA) is used. 
"Two effective decoding units" means that in the hard- 
ware implementation either two or more decoding units 
45 are provided or that in the hardware implementation one 
decoding unit is used twice or more. The outputs of the 
decoding units are normalised by means of normalisa- 
tion units. Thereby only a subset of the decoding units 
of the turbo decoder is provided with a normalisation unit 
50 at its output side. 

[001 6] The turbo decoder can comprise two decoding 
units, wherein only the first decoding unit is provided 
with the normalisation unit at its output side. 
[0017] According to the present invention furthermore 
> 5 a mobile communications device comprising a turbo de- 
coder as set forth above is provided. 
[001 8] According to another aspect of the present in- 
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vention a turbo decoding method using a soft output Vi- 
terbi algorithm is proposed. A plurality of decoding units 
are used and outputs of the decoding units are normal- 
ised with a normalisation factor. Only a subset of the 
decoding units of the turbo decoder is normalised with 
a normalisation factor variable during operation, where- 
as the other decoding units are normalised with a time 
constant normalisation factor, which can be equal to 1. 
[0019] Two decoding units can be used, wherein the 
first decoding unit is normalised with the normalisation 
factor variable during operation and the second decod- 
ing unit is normalised with the time constant normalisa- 
tion factor. 

[0020] The normalisation factors are calculated on the 
basis of the means and variance of the extrinsic infor- 
mation produced by the associated decoding unit. Alter- 
natively a constant value increasing with each iteration 
can be used as time variable normalisation factor (as it 
is from Blazek et al). 

[0021] The turbo decoding method can be performed 
as a parallel concatenated scheme. 
[0022] Further features, advantages and particulari- 
ties of the present invention will become evident by 
means of the following detailed description of an em- 
bodiment taken into conjunction with the figures of the 
enclosed drawings. 

Figure 1 shows schematically a wireless transmis- 
sion chain, in which the present invention can be 
applied, 

Figure 2 shows a schematic representation of the 
present invention, 

Figure 3 shows a schematic representation of a 
known SOVA turbo decoder with normalisation 
units, operating according to the parallel scheme, 

Figure 4 shows a schematic representation of a SO- 
VA turbo decoder with normalisation units operating 
according to the serial scheme, 

Figure 5 shows a schematic representation of a 
known SOVA turbo decoder with normalisation . 
units operating to the serial scheme. 

Figure 6 shows the result of a simulation, 

Figure 7 shows a further simulation result to com- 
pare the effect of the present invention with the ef- 
fects of the prior art techniques, 

Figure 8 shows schematically a parallel turbo en- 
coder, and 

Figure 9 shows schematically a serial turbo encod- 
er. 
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[0023] A transmission system according to the 
present invention will now be explained generally with 
reference to figure 1 . As shown in figure 1 , different data 
can be transmitted in a wireless manner. The data to be 

5 transmitted can comprise voice data from a telephone 
1 , 23, digital video data, for example, from a video cam- 
era 5 to be transmitted to a monitor 20 and other digital 
information data, as for example, data from a computer 
6 to be transmitted to another computer 1 9. The analog 

10 voice data from a telephone 1 are A/D-converted 2, 
voice coded 3 and then supplied to a channel encoder 
4. The data, for example, from a video camera 5 or from 
the computer 6 are also supplied to the channel encoder 
4. The different data, for example, the voice data and 

15 the video data can be transmitted simultaneously. The 
data from the channel encoder 4 are given to a inter-, 
leaver 7 and then supplied to a modulator 8 providing 
for a symbol mapping. The modulated data from modu- 
lator 8 are then D/A converted 9 and up converted 10. 

20 The up converted data are amplified 1 1 , and then trans- 
mitted over a wireless transmission path 12. 
. [0024] On the receiving side, the received data bit 
stream is downconverted in a baseband downconverter 
13. The downconverted data output from the baseband 

25 downconverter 13 are digitised in an A/D converter 14 
and input to a demodulator 1 5. The output of the demod- 
ulator 15 is passed through a deinterleaver 16, a chan- 
nel decoder 1 8, a voice decoder 21 and is then D/A con- : 
verted in a D/A converter 22. Finally the analog data is 

30 output on a terminal such as a telephone 23. Obviously 
digital data can be supplied directly from the channel 
decoder 1 8 for example to a video monitor 20 or a com- 
puter terminal 19. 

[0025] With reference to figure 2 a SOVA turbo decod- 

35 er according to the parallel scheme will be explained. 
[0026] The bit stream to be decoded is at first serially/ 
parallel converted in a serial/parallel conversion unit 24. 
The output of the serial/parallel conversion unit 24 is 
supplied to a first decoding unit 25, to the output of the 

40 first decoding unit 25, to the input of a second decoding 
unit 30 as well as to the input of an interleaver 29. From 
the output of the first decoding unit 25 an output from 
an deinterleaver 26 as well as the input of the first de- 
coding unit 25 are subtracted. The thus processed out- 

45 put of the first decoding unit 25 is then normalised by 
means of a normalisation unit 27 such that the proc- 
essed output of the first decoding unit 25 is multiplied 
with a normalisation factor which is variable during the 
operation of the turbo decoder 34. The normalised out- 

so put is supplied to an interleaver 28. The output of the 
interleaver 28 is supplied to the input of the second de- 
coding unit 30 along with the output of the interleaver 

29 and the serial/parallel converted data. From the out- 
put of the second decoding unit 30 the output of the first 

55 and second interleaver 28 and 29, respectively, is sub- 
tracted. The thus processed output of the decoding unit 

30 is then fed back to a deinterleaver 26 and furthermore 
to the input and output side of the first decoding unit 25 
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as described above. 

[0027] Note that it is not necessary two provide two 
decoding units in the hardware implementation. Two "ef- 
fective" decoding units are sufficient. "Two effective de- 
coding units" means that in the hardware implementa- 
tion either two or more decoding units are provided or 
that in the hardware implementation one decoding unit 
is used twice or more. 

[0028] The output signal of the second decoding unit 
30 is furthermore supplied to a deinterleaver3l . The es- 
timated decoded data are provided at the output 32 of 
the deinterteaver 31. 

[0029] As can be seen from figure 2, the normalisation 
unit 27 is only provided at the output side of the first de- 
coding unit 25. No normalisation unit is provided for the 
second decoding unit 30. 

[0030] The fact that no normalisation unit is provided 
for the second decoding unit 33 can also be expressed 
in that the output of the second decoding unit 33 is not 
normalised by a normalisation factor which is variable 
in time and/or operation of the SOVA turbo decoder. 
[0031 ] Rg. 4 shows a SOVA turbo decoder according 
to the serial scheme. Note that in comparison to fig. 2 
(showing the parallel case) an additional deinterleaver 
35 is provided. The interieaver 29 according to the ex- 
ample of fig. 2 is omitted. 

[0032] Therefore, only a subset of the SOVA outputs 
are normalised. The normalisation factor can be partic- 
ularly: 
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SOVA update rule 


Hagenauer 


Interieaver type 


Random | 


Iterations 
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[0033] In this way the complexity of the SOVA turbo 
decoder can be reduced and since the correctly normal- 
ised extrinsic information from the decoding unit 27 is 
fed to the decoding unit 33 it also has an indirect effect 
on the extrinsic information produced by the decoding 
unit 33. 

[0034] To investigate the performance of the pro- 
posed concept, simulations have been conducted in an 
AWGN channel. The parameters of the simulation are 
summarised in the following table 1 : 
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Coder connections 


[1,N(D)/G(D) 
G(D)= 1+D2+D3 +D 4 
N(D)= 1+D+D2+D 4 


Code rate 


1/3 


Frame size 


1000 


Decoding window size 


Whole frame 


SOVA window size 


30 bits 
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[0035] Simulation results are shown in figures 6 and 
7. The BER for the SOVA without normalisation, with 
normal normalisation and with normalisation only for the 
first decoder are shown. 

[0036] Figure 6 shows the performance of the differ- 
ent normalisation scheme against iteration at 2 dB Ej/ 
N 0 . As can be seen by normalising only the first decoder 
there are no convergence problems. The performance 
is considerably improved overthe no normalisation case 
and performance is extremely close to the traditional 
scheme of normalising both decoders. 
[0037] Figure 7 shows the BER against E,/N 0 after 6 
iterations. As can be seen at a BER of 3 x 1 0* 5 there is 
a 0.25 dB difference in the required Eb/No between nor- 
malising both decoders and normalising only the first de- 
coder. The difference between no normalisation and 
normalising both decoders is much greater. 
[0038] It has been shown that normalising only a sub- 
set of the SOVA decoders in the turbo decoder yields 
very good performance. This concept my be used in cer- 
tain situation where computational complexity needs to 
be reduced. In addition if the decoder is implemented 
as a parallel processing decoder the number of gates 
could be reduced. If the SOVA turbo decoder is to be 
used in a wide range of different situations (i.e. varying 
multipath channel) it may provide enhanced perform- 
ance to the method suggested by Blazek et al but with 
the disadvantage of slightly increased complexity. The 
decision to use the technique or not, may depend upon 
the required BER. If for the parameters we have chosen 
a target BER below 5 x 10" 5 is required it may be pref- 
erable to use normalisation for both decoders since the 
number of iterations (and hence computational com- 
plexity) required is less than if only one decoder was 
normalised. 

[0039] The present invention therefore describes a re- 
duced complexity normalisation technique for the soft 
output Viterbi algorithm (SOVA) used in a turbo decoder. 
The normalisation is requires for the SOVA decoder be- 
cause the extrinsic information generated is too optimis- 
tic. Traditional normalisation techniques involve calcu- 
lating the mean and variance of the extrinsic information 
produced by all SOVA decoders in the tubo decoder. 
The new proposed technique performs this calculation 
for only a subset of the SOVA decoders. 
[0040] It is important to note that the turbo decoder 
can consist of more than one decoder. It depends on 
how many decoders are used in the coder. Also more 
than two decoders may be used in the decoding loop. It 
is furthermore important to note the structure of the fig- 
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ures applied to the parallel concatenated coding case. 



Claims 

1 . Turbo decoder with at least two effective decoding 
units using a soft output Viterbi algorithm, 
wherein outputs of the decoding units (25. 26) are 
normalized by means of normalization units 27), 
characterized in that 

only a subset (25) of the decoding units of the turbo 
decoder (34) is provided with a normalization unit 
(27) at its output side. 

2. Turbo decoder according to claim 1 , 
characterized in that 

only decoding units (30) being provided with a nor- 
malized output of a preceding decoding unit (25) are 
not provided with normalization units at their output 
side. 

3. Turbo decoder according to claim 1 or 2, 
characterized in that 

it comprises two decoding units (25, 30), wherein 
only the first decoding unit (25) is provided with a 
normalization unit at its output side. 

4. Mobiie communications device, 
characterized in that 

it comprises a turbo decoder (34) according to an- 
yone of the preceding claims. 

5. Turbo decoding method using a soft output Viterbi 
algorithm, 

wherein a plurality of effective decoding units (25, 
30) are used and outputs of the decoding units (25, 
30) are normalized (27) with a normalization factor, 
characterized in that 

only a subset (25) of the decoding units of the turbo 
decoder is normalized with a normalization factor 
variable during operation and the other decoding 
unit(s)(30) are/is normalized with a time constant 
normalization factor. 

6. 



7. Turbo decoding method to claim 5 or 6, 
characterized in that 

only decoding units (30) being provided with a nor- 
malized output of a preceding decoding unit (25) are 
normalized with a time constant normalization fac- 
tor. 

8. Turbo decoding method according to anyone of 
claims 5 to 7, 

characterized in that 



two decoding units (25, 30) are used, wherein the 
first decoding unit (25) is normalized (27) with a nor- 
malization factor variable during operation and the 
second decoding unit (30) is normalized with a time 
5 constant normalization factor. 

9. Turbo decoding method according to anyone of 
. claims 5 to 8, 

characterized in that 
10 the normalization factors are calculated on the ba- 
sis of the means and variance of the extrinsic infor- 
mation produced by the associated decoding unit. 

10. Turbo decoding method according to anyone of 
is claims 5 to 9, 

characterized in that 

it is performed as a parallel concatenated scheme. 
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Turbo decoding method according to claim 5, *s 
characterized in that 

time constant normalization factor is equal to one. 
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BER against Eb/NQ after 6 iterations 



EP 1 094 612 A1 



Doto- 



INT 



Coder 
1 




Coder output 



Coder 
2 



Fig. 8 



Data- 



Coder 
1 

13= 

INT 




Coder output 



Coder 
2 



Fig. 9 



10 



EP1 094 612 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 12 1070 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CHaiion of document with Indication, where appropriate, 
, of relevant passages 



Relevant 
to claim 



CLASS FICATfON OF THE 
APP LIGATION (lnta.7) 



D,A 



I. BLAZEK AND V.K. BHARGAYA : "A DSP-Based 

Implementation of a Turbo-Decoder" 

PROC. IEEE GLOBAL TELECOMMUNICATIONS 

CONFERENCE (GL0BEC0M 98), 

8 November 1998 (1998-11-08), pages 

2751-2755, XP000801545 

Sydney, AU 

* page 2751, column 1, line 1 - page 2755, 
column 2, last line; figure 1 * 



1,5 



H03M13/29 



TECHNICAL FIELDS 
SEARCHED (httCl.7) 



H03M 



The present search report has been drawn up for all daims 



Ptooooi March 

THE HAGUE 



Data of oomplottoo ct ma seareJi 

17 February 2000 



Euntinvr 

Van Staveren, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken atone 

Y : particularly relevant ti combined with another 

dccurnent of the same category 
A : technological background 
O : non- written dsdosure 
P : Irr.ermedlatB document 



T : theory o r principle underlying Ihe invention 
E : carter patent document, but published on, or 

alter trie (Ding dale 
0 : document cited In the application 
L : document cited tor other reasons 

& : rr ember of Arte same patent family, corresponding 
document 



11 



THIS PAGE BLANK (uspto) 



